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system of intersecting slip lines is formed, Increasing the
degree of deformation of molybdenum at 240 to 700°K brings about the
appearance of new slip bands and an increase in the displacement
along the slip planes, The development of the pro:ess of
deformation, however, is manifested predominantly by growth of the
initially-formed slip bands, Thus, for example, just before the
fracture of a specimen (8 = 38%) at 700°K, the slip bands may
become 6 to 7 u wide, The density of the slip lines also changes
with temperature, At 700°K, it is relatively small and slip bands,
spaced at 12 to 15 u, predominate, At 300°K, the density of slip
bandas corresponding to the same degrees of deformation is higher,
the width of the slip bands and the spacing between them decreasing,
With a further decresase in temperature, the density of slip bands
again decreases approaching that obtaining at 700°K.

(2) In addition to deformation by slip (as revealed by the
formation of slip bands) plastic deformation of molybdenum at room
temperature entails a specific mode of deformation, localized at the
grain boundaries and in the grain-boundary regions. This
mechanism operates at relatively low strains (3 to 5%). With
increasing strain some of the ragions of localized deformation grow
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in size and cracks are formed at the boundaries of these regions
after heavy deformation, The width of these near-boundary regions
can reach 25 to 30 1, the relative displacement of adja:ent grains
along the grain-boundary being several tenths of a u. This mode

of plastic deformation which has been observed in pure iron at
sufficiently low temperatures (Ref.4: Gindin I.A, and

Starodubov Ya,D. FTT, 1959, 1, 1794) appears to be a property of
pure metals. The microstructure and interference pattern of the
grain-boundary and the grain-boundary region of nolybdenum,

deformed at 300°K to & » 20%, is shown in Fig.5a and 5b respe:tively
(magnified 440-fold), (3) With de:reaaing temperature the
tharacter of plastic deformation changes .onsiderably, At
temperatures approaching the ductile-to-brittle transition,
fragmentation and block formation precede the appearance of slip
bands, The formation of blocks (whose size, determined with the
ald of an electron microscope, was found to be (2-3) x 107% ¢m)
increases the resistance of molybdenum to slip and twinning, the
process of deformation becomes less uniform and fracture takes place

at relatively small strains, (4) In contrast to other metals with
Card 4/9
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body-centred cubic crystal structure, twinning plays a relatively
insignificant part in the plastic deformation of molybdenum, Thin
twins (1 to 2 y thick) appear in specimens deformed below 246°K

but only in isolated grains, An electron mi:zrophotograph
(magnified 11250 times) of a twin (approx 0.5 yu thick) in
molybdenum deformed at 200%K to & « 2% 1is shown in Fig.8,

A specific characteristic of twinas of this type 1is the presence of
lightly and heavily distorted zones showing, respectively, as dark
and light bands on the microphotograph, It is postulated that the
highly distorted zone is formed suddenly when a certain stress,
required to initiate the process of twinning, is reached. The
appearanca of this gone is accompanied by the formation of a mosaic
structure in the boundary region and by the formation of blocks and
their elastic recovery. As in the case of iron, growth of a twin
in molybdenum takes place by movement of one of its boundaries;

on reaching the distorted region, the growth of the twin ceases
owing to the strain-hardening of this zone, (5) The specific
character of plastic deformation of molybdenum is refle:ted in the
manner in which this metal fra:tures, At 300 and 700°K fracture

takes place along the 81ip planes and a well-defined ne:k is formed
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in a tensile test plece, Cracks along the 8lip planes appear

also in molybdenum, tested at 240°K, but in this case they are
accompanied by cracks along the tleavage planes, the number of
these cracks increasing with decreasing temperature, This is
illustrated in Fig,9 (magnified 440-fold) showing a portion of a
test piece deformed at 243°K to & « 18% ip which the parallel slip
lines end at a crack along the cleavage Plane, Or approaching the
ductile-to-brittle transition temperature, and particularly below
1t, cracks along the grain- and block-boundaries are formed,

by side with the main crack

not traversing the entire cross-section of the test piece can be
cbserved. Fracture below the tritical temperature is both trans-~
and inter-crystalline, although the latter is relatively iess
pronounced, The decrease in strength of molybdenum below 27°K

has been attributed to the formation of a large number of surface
¢racks which cause premature fracturs, The formation of the
surface cracks is, in turn, associated with a high conzentration of
oxygen in the surface layer, It was concluded from the results of
the present investigation that the character of plastic

deformation of 99.95% molybdenum in the temperature interval
Card 6/9
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Bstudied changes considerably with decreasing temperature, In the s
Plastic range deformation trans-crystalline slip predominates; at
room temperature this mode of deformation is accompanied by,
localized deformation in the grain-boundary regions’, On
approaching the ductile-to-brittle transition temperature, block
formation plays an incroasingly important part and is mainly,
responsible for the absence of twinning at low temperature,

Ductile fracture at 240 to 700°K takes place along the slip planes,’
At lower temperatures, cohesion of the metal is destroyed in the
early stages of the deformation and the main crack develops along
the block houndaries. There are 10 figures and 9 references:

5 Soviet and 4 non-Soviet. The four references to English
language publications read as follows: Chen N.K.,, Maddin R,
Trans, AIMME, 1951, 191, 461; Andrade E.N., Chow J.S. Proc.Roy.
Soc., 1940, 175A, 29%0; Cahn R.W, J.Inst, Metals, 1954-55,

83, 493; Rendall J.H., Johnstone S,T.M,, Carrington W.E,
J.Inst . Metals, 195354, 82, 345,

ASSOCIATION: Fiziko-tekhnicheakiy institut AN UkrSSR
(Physicotechnical Institute AS UkrSSR)
L
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AUTHORS ; Garber, R.I., Gindin, I1.A., and Shubin, Yu,V,

TITLE Tensile tests on beryllium single crystals in the
20-500 °C temperature range. V.

PERIODICAL! Eizitz6metallov i metallovedeniye, vol.12, no.3, 1961,
G 437-

TEXT Scarcity of data on the behaviour of beryllium aingle
crystals under tensile stresses prompted the present authors to
undertake the study of this subject, The experimental specimens
were prepared from 99,98% pure Be by a pulling-out technique,

The orientation of the single crystal tensile test pieces is shown
in Fig.l, where p indicates the direction of the applied stress,
A strain rate of 0.005%/sec was used in the tensile tests carried
out at 20, 200, 400 and 500 °C, helium being employed as the
Protective atmosphere at elevated temperatures, The mechanical
tests were supplemented by metallographic examination, The results
of the mechanical tests are reproduced graphically, In Fig,2, the
UTS and the yield point (p, and pg, kg/mm2, left-hand scale)
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and elongation and reduction of area (6 and Q), %, right-hand
scale) are plotted against the test temperature (9C). The fifth
curve shows the temperature-~dependence of the so-called "diffusion
deformation" factor, X, which is given by X = (1 - ) 100 °C,
where ¢ denotes the deformation localised in the slip on the
basal plane, its magnitude being calculated from

Z“i agi
1
(M),

where nj is the number of basal slip bands with the absolute slip
displacement of ag;, and (Af), = A? cos 45° represents the
strain of the specimen in the direction of slip. Fig.2 shows the
true tensile stress/elongation curve for beryllium single crystals
at temperatures indicated by each curve, The effect of temperature
on the mode of slip is illustrated in Fig.4, showing (X 200) slip
lines on the faces of specimens extended (from left to right) at
20, 200 and 400 °C. The variation of the mode of slip with rising
temperature was also studied by determining the magnitude of the
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relative slip, Y, and density of the slip bands, y these two
parameters being given by y = b/a, and e = 1/h” (for the
meaning of b/a, and h see Fig.l), In the regions of
uniformly distributed slip lines, y increased from 0.4 at 20 9¢
to 2.0 at 500 °C; in the region of macroscopically localised slip,
at 400 °C, y reached 70. The parameter also initially
increased with temperature, reaching a maximum of 0.12 1/u at
200 °C after which it decreased again, reaching at 400-500 °C a
value similar to that at room temperature (~ 0.3 1/u). Analysis
of the results of mechanical tests, correlated with the
examination of slip bands and microstructure of specimens after
fracture, led to the following conclusions, 1) Plasticity of Be
single crystals increases monotonically with rising temperature,
showing no peak at 400 OC which is a characteristic of
polycrystalline beryllium, The increase in plasticity in the
20-200 ©°C range is caused by the formation of new slip bands with
the material within the bands hardening at a sufficiently fast
rate. The increase in plasticity at higher temperatures is
associated with the onset of localised slip, characterised by a
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large magnituds of y (about 70). Both UTS and the so-called

strain-hardening modulus D passed through a maximum at 200 ©C;

D is given by D = (p, - palb, where p, ia the true UTS of

the metai. This effect is a manifestation of the simultaneously

occurring processes of strain-hardening and relaxation,

2) Deformation of Be mingle crystals with an orientation as

illustrated in Fig,l takes place mainly by slip along the basal

planes (0001) in the [11%0) direction. At higher temperatures,

prismatic slip along the {lOIX] plane in the general [1120]

direction and diffusion deformation play an increasingly important

part, 3) Brittleness of Be single crystals at room temperature

is caused by non-uniform plastic deformation aleng the basal plane

which causes the formation and growth of cracks along the main

cleavage plane., At high temperatures, slip becomes more uniform

and deformation takes place partly by prismatic slip,

There are 10 figures, 1 table and 1 Soviet-bloc reference,

ASSOCIATION: Fiziko-tekhnicheskiy institut AN USSR
{(Physicotechnical Institute, AS Ukr.SSR)

SUBMITTED: January 2, 1961
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AUTHORS ; Gindin, I.A., Lazarev, B.G., Starodubov, Ya.D. and

‘Tazareva, M.B.

TITLE: Mechanical properties of sodium in the range of low-
temperature polymorphic transformations

PERIODICAL: Fizika metallov i metallovedeniye, v. 12, no., 6.
1961, 846 . 852

TEXT: As is the case with Li, the body-centred cubic
crystal structure of Na undergoes a pgrtial change to close-
packed hexagonal on cooling below 35 K. A so-called
"defermation" modification of this metal can be obtained by
straining it plastically at temperatures below 80 °K and the
object of the present investigation was to check whether the
effect of low-temperature polymorphism of Na on its mechanical
properties is similar to that observed earlier by the authors
(Ref. 1: FMM, 1960, 10, 472) in Li. To this end, tensile
tests were carried out at 1.6 - 290 "K on polished and etched
test pieces of 99.8% pure Na and the following properties were
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determined: 0.2% proof stress- UTS; true tensile strength:
elongation; reduction in area and the strain-hardening
coefficient. In addition, the microhardness of each fractured
specimen was measured at 77 'S side-by-side with that of a
pilot (i.e. untested) specimen. Typical results are reproduced
graphically, In Fig. 2. the elongation (6. % - lefthand scale)
and reduction in area {§ ., % morlghthand scale) are plotted
against the test temperature { K). The temperature-dependence

of 0.2% proof stress (ob 2)? UTS (OS) and true tensile
o

strength (dh) is reproduced in Fig. 3. Finally, in Fig. 4

N

the microhardness (H. kgémm2\ measured at 77 K 1s pletted
against the temperature { K) to which the test piece had been
cooled prior to hardnesz test: the lower curve relates to
pilot specimens, the upper curve representing results obtained
near the neck of fractured tensile-test pieces. Several
conclusjons were reached.
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1) Anomalous variation of mechanical properties of Na 1in the
sub-zero temperature range is associated with polymorphic
transformations taking place at these t emperatures.

2) The martensitic transformation which on cooling takes place
in Na at about 35 OK is reflected in a sharp increase in its
yield strength, UTS and microhardness.

3) A minimum in the elongation versus temperature curve is
situated in the temperature range within which the deformation-
induced polymorphic transformation takes place. The rapid
increase in elongation on cooling from 70 to 1.6 K can be
attributed to the deformation-induced change from body-centred
cubic to close-packed hexagonal crystal structure.

4) The low-temperature polymorphic transformations
(particularly the martensitic transformation) bring about an
increase in the degree of strain-hardening and uniformity of
the plastic flow of Na. There are 4 figures, 1 table and

12 references: 6 Soviet-bloc and 6 non-Soviet-bloc. The

four latesi English-language references mentioned are:
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Ref. 2: C.8. Barrett - Phys.Rev., 1947, 72 245. Acta

crystallog.. 1956, 9, 671: Ref. 8. D. Hull. H.M, Roserberg.
PhysﬁRevaet., 1959, 2, 5; Ref. 10: D, Hull. H.M. Rosenberg - -
Phil.Mag.. 1959, 4, 303; Ref. 12. D. Gugan . J.S. Dugdall

J. Can: Phys. Rev., 1958, 36, 1248, '

ASSOCIATION: Fiziko-tekhnicheskiy inatitut AN UkrSSR
(Physicatechnical Institute of the AS UkrSSR)

SUBMITTED: May 3. 1961
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AUTHORS: Garber, R. I., and Gindin, I. A

TITLE: Physioal properties of high-purity metals

PERIODICAL: Uspekhi fizicheskikh nauk, v. 74, no. 1, 1961, 31 - 60

TEXT: The present survey deals with papers which have been published in
recent years in the field of high-purity metals. The papers show a trend
to obtain specimens of ever-increasing purity. They also show that the
progress made varies for different metals (appendix). The physical prob-
lems associated with such metals are discussed, for whose analysis the
purity of the specimens is decisive. These problems include the electrical
resistance, the reflectance of the metals, the magnetic permeability, nu-
clear reactions, effects of radioactive irradiation, grain boundaries,
latent energy of plastic deformation, relaxation, recrystallization, inter-
nal friction, moduli of elasticity,and mechenical properties. The latter
include the plasticity, deformation curve, cold-brittleness and creeping.

A glance at the material available shows that great progress has been madle
in the/%ralysis of high-purity metals. The most urgent task at present
Card 1
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veem to be to develop methods for industrial Production of thege metals,

So i been impossible to solve the proble

of physical pr

the electrical]

atoms ang other

proved. The mechanj

especially with respect to structural changes occurring during crystalliza-
tion or other thermal Processes. Vacancies and local distortions geep to
play a miner role only. The brittleness of various metals cap be eliminateq

by purifying them frop additions, further development of new methods
for the separation of metals will find new fields of application for high-
burity netals, References to publications on high-purity metals are given
for the following elements: Al, Ba, Be, Vv, w, Bi, gGa, Ha, Fe, pu, In, cd,
Ka, Ko, g, Mny Cu, Mo, Ni, Nb, pt, Sn, Pb, g, Sry $b, Ta, Ti, Th, v, Cr,
any and The following Soviet authors are mentioned: [, s, Kan, B. 3.
Lazarev %%3f-1: DAN SgsR 81, 1027 (1951); v. 3. Zernov, Yu, V. Sharvin
(Ref.7: ZhETF 36, 1038 (1§39); B. N. Aleksandrov, 5, 71, Verkin (Ref.s:
ZhETF 34, 1655~T1958); A, I, Sudovtsov, ve, Ye. Semenenko (Hef.18: ZhETF
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22, 305 (1958); I. M. Lifshits, M. 1. Kaganov (Ref.29: UFN 69, 419 (1959);
B. Leks (Ref.30: UFN J0, 111 (1960); a. s. Zaymovskiy, G. Ya. Sergeyev,

V.. V. Titova, B, M. Levitskiy, Yu. N. Sikurskiy (Ref.34: Atomnaya energiya
2y 412 (1958); M. Ya. Gal'perin, Ye. P. Kostyukova, B. M. Rovinskiy, Iazv.
AN SSSR, ser. tekhn. 4, 82 (1959); D. Ye. Ovsiyenko, Ye. I. Sosnina, (Ref.
60: Voprosy fiziki metallov i metallovedeniya, sb. no. 9, Kiyev (1959) str.
185); V. A. Paviov (Ref.64: Fiz. metallov i metallovedeniye 4, 1 (1957);

V. A. Zhuravlev, (Ref.72: Zavodskaya laboratoriya 14, 687 (1959); v. s.
Yemel'yanov, 4. I. Yevstyukhin, D. D. Abonin, V. I. Statsenko, ("Metallurgip
i metallovedeniye chigtykh metallov" vyp. 1, 1959, 44). There are 18 fig-
ures, 7 tables, and 144 references: 61 Soviet-bloc and 83 non-Soviet-bloc,
The six references to English-language publications read as follows: D. J.
Maykut, Prod. Engineering 24, 186 (1953) - éRef.31); A. N. Holden, Phys.
Metal. of Uranium Massachus., 1958, str. 7 (Ref.33); J. C. Blade, Rev.
metallurgie 54, 769 (1957) (Ref.50); P, Gordon, J. Metals 7, 1043 (1955);
(Ref.51); C.” Zener, Phys. Rev. 74, 639 (1948) (Ref.68); T. R. Barrett,G. G.

Ellis, R. A. Knight, Proc. Sec. Int. Conf. Geneva 2y 319, 320 (1958) (Ref.
1007).
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AUTHORS: Gindin, 1. A, Kozirets, V. V ., and Starndutov, Ya. D.

e BT T e e TN

TITLE: Comparison of gtructural changes in nickel caused “J

teformation at 4.2 and BOOOK and by subsequent creeping
PERIODICAL: Fizika tverdogo tela, v. 4, no. 2, 1962, 465-46S

TEXT; Experiments with high-purity nickel (99‘994%) tempered at 800°C and

3‘10'6 mm Hg and subsequently deformed by 3.5% at 4.2 or 300°K by stretching
are repcrted. Some of the specimens were subsequently kept at room
temperature for 80 - <00 hrs and subjected to creep tests at 700°C and )z

constant pressure (2.8 kg/mma), while others were heated from 4.2°K to o

700°C within 1.5 - 2 min and likewise subjected to creep tests. Both
stretching and creeping were carried out with pachines described in X
%, 794, 19%9. A sharply focused X-ray tube, designed by B. Ya. Pines
Ostrofokusnyye rentgenovskiye trubki i prikladnoy rentgenostrukturnyy
analiz/(Sharply Focused X-ray Tubes and Applied X-rey Analysis) GITTL,
Card /3
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1935) was used to erxamine the X-ray structure of the specimens. The
disorientation %as selvulated according to P. B. Hirsch (see below).
Resulvs: The original specimens possessed large subgrains (BOﬂ). the
lattice was not distorted. and the discrientation was less than 1°.

Disorientation reached 8° at 4"2°K, but was less at BOOOKn Specimens

deformed at 4.20K underwent relaxation when heated to room temperature
The distortion of the lattice decreased as ¢ result of polygonization ¢f —
the subgrain fragments. Microdistortions diminished further on heating tc

creep temperature. The specimer deformed at 4‘2°K and sutsequently kept
at room temperature had a more uniform and more disperse structure than

the specimen heated directly from 402°K to 700°C~ The removal of
microdistertions of the rpecimens, especially of that deformed at 4.2°K,
and the increase in disorientation during the creeping process, indicate
that the substructure depends on the temperature at which deformation has
taken place. There are 2 figures and 9 references: 8 Soviet and 1 nen-
Soviet. The reference to the English-language publication reads as
followss P. B. Hirsch, J. N. Kellar, Acta Crystal., 5, 162, "952.
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(Physicotechnical Institute, AS UkrSSR, Kharkce)

SUBMITTED: September 22, 1969
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GINDIN, I.A,; KOZINETS, V.V.j STARODUBOV, Ya,D,; KHOTKEVICH, V.I.

Structural changes in copper depending on low-temperature
deformation and subsequent annealing. Fiz.met.i metalloved, 1
no.61864-873 D '62, (MIRA 1612)

1. Fiziko-tekhnicheskiy institut AN UkrSSR 4 Khar'kovskly
gostilarstvennyy universitet,
(Copper—-Metallography)
(Metal, Effect of temperaturs on)




LEASE: Thursday, September 26,
20
APPROVED FOR RELEASE: Thursday, ’September 26, ’200(;2

CIA-RDP86-00513R0005151100
17-0
CIA-RDP86-00513R000515110017-0"

5/062/62/028/001/014/017
B116/B108

AUTHORS ¢ Carber, R. indin,. L. 4., Neklyudov, I. M.
Chechel'nmitskiy, G. Gu» and Stolyarov, V. M.

TITLE: Device for progranmed metal hardening
PERIODICAL: Zavod skaya laboratoriya, v. 28, no. 1, 1962, 107 - 109

TEXT: A device has been designed for programming the load on samples.

1t permits determining the effect of the gharging rate on the material
properties up to 800 C in a vacuum of 107" mm Hg or in inert gases;

The charging rate can be increased from 10 g/mm per hr to 5 kg/mm2 per hr.
Moreover, rates of up to 80 kg/mm per hr are possible. The maximum

joad is 350 kg. The sample elongation (up to 4 - 5 mm with an error of
0.5 u) is measured with an optical strain gauge. Reduction of the
charging rate to values corresponding to diffusion hardening lowers both
the total deformation and the rate of steady creep. The device (Fig. 1)
operates as follows: Dynamometer spring (6) is compressed by the
reducing gear (7). The charging rate is regulated by varying the
periodic operation of the motor (8) (PK-09 (RD-09)-type) driving the gear
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Device for programmed metal nardening B116/B108

(7). The sample is heated by a tubular furnace with molybdenum coil, and
the temperature is regulated by an 3ML-12 (EPD-12) electronic potentio-
meler. There are 4 figures and 6 Soviet references.

ASSOCTATION:  PFiziko-tekhnicheskiy ingtitut Akademili nquk USSR‘(thsrtﬁ—
technical Institute of the Academy of Sciences Ukr$SSR)

Fig. 1. Diagram of device for programmed hardening. , !
Lepend: (1) samples (2) and (3) fastenings; (4) cross piecej {
bars; (6) dynamometer springj (7) reducing gear; (8) motor; (9

5) three
) bull-
pearing joint; (10) indicater; (11) mains connectionj (12) base plate;
(13) vacuum chamber; (14) sylphonj (15) limiter; {16) to pump.
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GARBER, R.I.; GINDIN, I,A,; MALIK, N,I.; STARODUBOV, Ya.D.

Machine for testing materials for tension and compression at the
temperatures from 1,4 to 1500 K, Zav,lab, 28no.7:865-868 162
(MIRA 15:6)

1, PFlziko-tokhnicheskiy institut AN USSR,
(Testing machines)
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5/020/62/143/006/011/024
. B164,/B101
19 R

AUTHORS: Gi“diﬁlw£: Aoy Starodubov, Ya. D., and Azhazha, V. M.
TITLE: Increase of the creep resistance of nickel by prior
deformation at 4.2°K

PERIODICAL:  Akademiys nauk SSSR. Doklady, v. 143, no. 6, 1962,
13251327

TEXT: The effect of small deformations of nickel at 4.2°K on its creep
resistance at higher temperatures was examined by tempering small
specimens of high-purity nickel (99.994%) in vacuo at 800°C and then
drawing them at 4.29K, the rate of drawing being 0.03 mm/sec and the
degree of deformation 1.7 or 3.%%, afterwvard establishing the creep

curves under a constant stiress of 2.8 kg/mm in vecuo at 700°C. For
comparison, tempered specimens which had been deformed at room temperature
were used as standards. An increase in creep endurance from 40 to 106 hrs
(after 3.5% deformation) and a 4.5-fold increase in creep strength were
obtained. Specimens prestrained at 300°C gave much lower values
amounting to 51.5 bhrs and to a 1.37-fold iuncrease, respectively.
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5/020/62/143/006/011/024
Increase of the creep resistance ... B164/B101

Microphotographs of the specimens show that those deformed at 4.2°k
present greater homogeneity of fine structure than the others. There

are 2 figures and ' table.

ASSOCIATION: Fiziko-tekhnicheskiy institut Akademii nauk USSR
(Physicotechnical Institute of the Academy of Sciences
UkrSSR)

PRESENTED: January 26, 1962, by G. V. Kurdyumov, Academician

SUBMITTED: September 22, 1961
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_ ACCESSION NR: AT4013981 8/3070/63/000/000/0116/0118

AUTHOR: Gindin, L A.; Starodubov, Ys. D,

Baeais arsralsimblasingen

TITLE: Device for metallographic and radiographie investigations of the atructure of solid
bodies during deformation at low temperatures - :

SOURCE: Novy*ye mashiny*i pribory*dlya ispy*taniya metallov, Sbornik statey, Moscow,
Metallurgizdat, 1963, 116~118 : _
TOPIC TAGS: low temperature metallography, low temperature radiography, micro-
photography, deformation, metal deformation

ABSTRACT: Devices described in the literature are intended either for determination of
mechanical properties of solid bodies at low temperatures, or for low-temperature metal-

- lography. However, these devices do not permit direct observation of changes in structure

_of a specimen during the process of its stressing at low temperatures. Metallographic and

usually radiographic invesatigations of structure of deformed specimens are performed after
the specimens have regained room temperature, despite irreversible changes in them. A
device has been developed by the authors permitting observation, photographing and taking
of motion pictures of changea on the surface of a specimen during ocooling, deformation at
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low temperature, and subsequent heating. The device is also suitable for radiographic
investigations of structure in solid bodies during cooling, low-temperature deformation, and
heating. The design of the device permits cooling a specimen down to approximately 10K,
measuring this temperature, deforming a specimen in tension or compression, and simul-
taneously -ecording values for the "load-deformation' diagram. A schematic {llustration of
the device is given in Fig. 1 of the Enclosure. The test specimen 1, in the form of flat
- plate enlarged at its ends, is gripped by jaws 2 located in a depression of the mounting table,
- One of the jaws is fixed to the table; the other is connected to rod 3 of the loading mechanism
“and is guided by grooves in the table, The cooling of the specimen to the required tempera-
ture is provided through a copper conductor 4 (26 mm in diameter), the lower part of which
is immersed in a liquid coolant contained in the wwcuum«bottle 5. In order to increase the
cooling rate and to reduce the temperature difference between test specimen and coolant,
circulation of the coolant is provided through an axial bore in the conductor 4 and tubes &
and 7. For regulation of the specimen temperature and of the cooling rate, a resistance
8 is provided and a heater 9 in the lower part of the mounting table, The specimen
perature {s measured by a thermocouple or a plck-up resistor. The wire connectionsjof -
the. temperature pick-up pass through vaouum insulators 10, The mounting table wi
3 .

\
\

- '
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specimen and part of the cooling conductor are looated in a vacuum test chamber 11. The
upper part of the chamber 18 flanged for connection with cover 12. Observation and photo-
graphing of the specimen miorostrusture during the test are conducted through a window in
the cover. For observation and photographing of specimen surface changes, the optical part
‘of the device PMT-3 with a photographic attachment are used; and for taking motion pictures,
the "Kiyev"-type camera, To avoid condensation of moisture on the specimen, high vacuum
is applied to the test chamber 11 by an adsorption-type pump through the hose connection 14,
The vacuum is maintained by a thin layer of activated charcoal 16. A copper shield is pro-
vided for heat protection of the specimen, The loading devioce consists of a worm gear re-
ducer 16, driven by the electro-motor 17, The worm gear is mounted on a threaded spindle
rotating freely in bushing 18, The bushing is fixed in body 19 of the loading device and
takes the thrust during loading of the specimen. The thrust from the spindle is transmitted
to a moving cylinder 20, closed from one side and containing the calibrated loading spring ¢
21, acting from one side on the bottom of the cylhfler 20 and from the other side on a flange
connected to the rod 3 of the movable jaw 3. To a thicker part in the central portion of the
rod 3, a bellows 22, having & working stroke of 12 mm, is soldered. The working pins of
_ two dial gages 23 tie to rod'3, The left gage (see Fig, 1 of the Enclosure) is fixed to the °
body 19 of the device and serves for measuring the absolute elongation (or shortening) of
the specimen. The right gage is fastened to the movable oylinder 20 through a plate 24, and
. . . .
Card 3/7 .
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measures the deflection of spring 21, i.e., the load applied to the specimen. A yoke with
three ribs 25 provides greater bending stiffness to conductor 4, The specimen is subjected
to a constant-speed axial deformation of 0. 03 mm/sec, and a maximum load of 200 kg can
be applied. For X-ray investigations at low temperatures, a small chamber- for Shotograph-
ing by reflection has been devised (see Fig. 2 of the Enclosure), which can be flanged to the
test chamber and sealed by a rubber gasket, A beryllium window 2, 12 mm in diameter and
0.3 mm thick, is used to introduce the X-ray beam into the test chamber. Inside the cham-
ber, a magazine with film 3 is mounted and a sector-screen 4 of lead underneath the magazine,
The screen permits taking four X-ray pictures without disturbing the vacuum in the chamber,
. and consequently without heating the specimen. The soreen has to be rotated 90° after each
exposure. The height of the film magazine location over the sample is adjustable. For
making of radiograms, a sharp-focussed X-ray tube designed by B, Ya. Pines is used. A
photographic camera can be installed to take microphotographs and radiograms of the same
spot of the sample, The residual pressure in the vacuum chamber is 10-5 to 10~° mm Hg,
The temperature of the specimen depends on the coolant used and is 78K with liquid nitrogen,
26K with liquid hydrogen, and 10K with liquid helium, Orig, art, has: 2 figures.

ASSOCIATION: Tisiko~tekhnichesily institut AN \USER (stitute of Physics and Teoh=
nology AN UBSR), .

\\
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Fig 2, Chamber for X-ray investigation of ltruchxro of souds under deformation at ow
temperatures, 1 - body of chamber, 2~ beryllium window, 3 - magazine

film,
4 - geotor screen (lead), § = mnpoclmm, 6 = X-ray tube, 7 jaw for 1 g of
- . specimen, 8 - shield ‘
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GAREZR, I1.I.; GIMDIN, I.h.; CHIKAINA, Lek.

Twinning end annealing of nonequilibriunm iron~nickel alloy of
the SikKhote~-alir iran meteorite, Metsoritika ro.:3:45-55 163,
(MIRA 16:9)
(Siktiote-Alin Range—ifeteoriies)
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GARBER, R.I.; GINDIN I.A.; SHUBIN, Yu.V.
Capression of beryllium single crys‘ta.ls along the hexagonal axis
in the tenp}ramre range 42° to 900° K, Fig, tver. tela 5 no .21
L3442 F 163, (MIRA 1635)

(Beryllium crystals) (Strength of materials)



"APPROVED FOR RELEASE: Thursday, September 26, 2002  CIA-RDP86-00513R000515110017-0
APPROVED FOR RELEASE: Thursday, September 26, 2002  CIA-RDP86-00513R000515110017-0"

GINDIN, I:ﬂ:; KRAVCHENKO, S.F.; STARODUBOV, Ya,D.; GODZHAYEV, V.M,

Apparatus for studying the cree
Y p of metals at low temperatures,
Prib. i tekh, eksp. 8 no.33169-171 My-Je 103, ’e (MIR2516:9)

1, Fiziko.takhnicheskiy institut AN UkrSSR,
(Cresp of metals) (Metals at low temperatures)
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GARBER, R.I.; GINDIN, X.A.; STOLYAROV, V.M,; CHECHEL'NITSKIY, G.G.;
CHIRKINA, L.A.

Apparatus for studying the damping of low-frequency torsional
oscillations. Prib, i tekh, eksp. 8 no.3:172-17, My-Je '63.
(MIRA 1619)

1, Fiziko-tskhnicheskly institut AN UkrSSR.
(Oseillations--Electromechanical analogies)
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AZHAZEA, V.M.; GIN «A.; STARODUBOV, Ya.D,

BIN, I
—N

Comparing the effeet of prestressing at 4.2 and 300° X
creep characteristics of nickel at 700°C, Pis.met, { me::lltﬁ:
ved, 15 n001'n9"124 Ja '63. (HIRA 16'2)

1. Mimiko-tekimicheskiy institut AN UkrSSR,
(Miokel—Cold working) (Greep of nickel)
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GINDIN, I.A.; LAZAREV, B.G.; KHVEDCHUK, I.R,

Dilatometric investigation of the low~temperature defcrmaticn
tra?sition to lithium, Fiz, met, 1 metalloved, 16 10,5 793+794
N 163, (Mita 17:2)

1. Fizlko-tekhnicheskiy institut AN UkrSSR.




-RDP86-00513R000515110017-0
"APPROVED FOR RELEASE: Thursday, September 26, 2902‘._ ) CIA 7-0
‘ APPROVED FOR RELEASE: Thursday,’September 26,2002 ° CIA-RDP86-00§13R000515110017 0

L ACCESSION NR: AP4037066 8/0129/6k/000/005/0046/004%

AUTHOR: c;ndin;ml.rh.; Lazarava, M, B.; Nikishov, A. S5, Rink,
L. P.; Starodubov, Ya, D,.; Yarov, I. A,

TITLE: Mechanical properties of atructﬁrnl alloys at low tempera=- .
ture

{
|
SOURCE: Metallovedeniye { termicheskaya obrabotka metallov, no, 5,
11964, 44=46 : '

'

'Y
titanium alloy, OT4 alloy, copper alloy, BrKhO8 alloy, ZhS6KP alloyy

Kh25N16G7AR alloy, Kh12N20T3R alloy, Kh16G9AN4 alloy, KhNI5VTYu aflIy
steel, martensitic steel, VNS2 steel, EI659 steel, cryogenic alloy i

I
ABSTRACT: Mechanical properties and fracture tests of Kh25N16G7AR, . )

Kh12N20T3R, Kh17G9AN4, KhN3S5VTYu; austenitic iron base alloys VNS2 :
(EP225) and EI659, martensitic steels, ZhS6KP high-strength alloy,
0T4 titanium alloy, BCKhOS copper alloy, and other (unidentified] .
alloys were investigated at temperatures in the 4,2—-300K range,

lead 173
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Specimens (efther flat with a crose section of 1.5 x 2 mm or round
and 2,2 mm {n diameter) were tested in a heat-treated condition
[shown 1in the article]), With a decreasing test temperature the
resistance to plastic deformation and the tensile strenpth of all
alloys increased, This was found to be particularly pronounced

in the case of VNS2 alloy which at 293, 77, and 20K had a tensile
strength of 97,5, 155.0, and 180,0 kg/mm? (annealed at. 950C, air

———— ey

cooled, and tempered at 620C for 1 hr), All alloys were found

to maintain gome ductility at temperatures as low ag that of

liquid hydrogen except for E1659 steel and 0T4 alloy which failed
vith respective elongatfions of 0X(at 20K) and 0.7 (at 77K). The
elongation of the VNS2 alloy, on the contrary, was found to increase
with a decrease of temperature from 15% at 293K to 202 at 20K,
BGKhO8 copper~base alloy was also very ductile at low temperatures
(at 4,2K an elongation of 18,6%), A simultaneous increase of the

, tures down to 20K
+ ylelded uniformly Only {n the case
i of the VNS2 gteel 20K have a saw-like
< Cord 2/3 - e
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shape. However, at temperatures above 20K the steel yfelded uniw

formly, The fracture mode was ductile with clearly expressad
necking even at 20K, Orig, art. hast 1 figure and 1 table.

ASSOCIATION: Ficlko-tekhnlchcnkiy {nstitut AN USSR {(Physico~
technical Institute, AN USSR) ‘
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GARBER, R.i,; GINDIN, I,A.; MOGIL'NIXOVA, T.T.; NEXLTHO0V, 1M,
Internal friction of iron hardenad by progrexming, Fiz,
matelloved, 18 no,3:443447 S '64.
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e T T ey g, 1. Blook diagram of pulsed ultrasonic

: installation. 1 -- Master pulse generator,| -
. 2 -~ modulator, 3 -- high frequency ,
‘generator, 4 -- sample, 5 -- superhetero-
. .dyne receiver, 6 -- oscilloscope, 7 --
)i ‘oontrolled pulse delay, 8 -- pulse
. generator, 9 -- standard hf generator,
- 10 ~~ attenuator,

v 18ults of an @nvastigatiqn of the dependence of absorption of longi- . .-
51 tudinal ultﬁq&ound;w;ﬁthe ievel of prestressing attained during pro-

. ;| bramued (slow) hardpning of ‘#ingle-crystal aluminum, and the results
.- jobtained with fast odding are also given for oomparison. Both an- | 'i:
i nealed and ngn#anne,;qaésanpiesmwera tes;ed. The absorption was R
¢ |measured by dompari g two sudcessive reflected pulses, using an - s
[ultrasonic pileed setip (Fig.. 1). All measurements were made with a | -~
B élongitqdinaagqompﬂgpbidn-parefaqt;on Wave operating at 72 Me. From ™"
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¥ i i iticit eryllium monocrystals
TITLE: Effects of promummed loading on the plasticity {f buylllu;‘ cry (r}‘
. . - ag o At
SOURCH: Fizika metallov i meta:lovedeniye, v <1y MO. 5, 1966, T14-T18

: . . e _— ; .y onerty pashl
TOPIC TAGS: berylliwm, meial propeviy, metal crystal, erystal properiy © 5

: AR he subned ~ar t :
ARSTRAGY:  Yhe effecls of preiiminury prosramacd loading ab 400C on the .,Emj L‘Lt\:l:";ted ‘E
4mec'na.n-' cal properties of beryliiys monocrystals ad room temperature wexe inves Lgate )
T Tmons (90,6 olbwith base pl iented ut 45° to the loading &xisj:
ne set of gpecimens (‘-;‘,;.6,; U0 q.ut..x base plane or ' (99 9.4
was loaded (0, 4, 6, and 10 kg e ) end tosted in oompresmgn. M}other sx; d_}d.(,o
sure, base plane und 1010 > direstion coincided with louding axis) was lou ¢ ( )
! . - oy ot T
4.3, and 5 kg/mmz) and tested in tension. 1t was found that the room temperan
L

yield stress oy and relative compressibility & were 9.6, 11.3, 11.0, and 9.8 ﬁg/m

and 10.7, 17.7, 24.7 anda 11,25 respectively forzt‘ne pf‘eloading conglfjlortsFOICf,}il\e,ei;rst
set of specimens and 14.5, 10,1, and 12.4 kg/mm a:id 29, 363 and 5;.),: xe:pe ud oy
for the second set. cmlongation was 54, 53, and 64% respectively fgr. the uicog : 5.
A-ray diagrams of the prelozded monocrystals are also presented, Orig. art. nas:

figures.

i
l
N
!
|
{
i

SUB CODE: 11, 13/ SUBM DATZ: 3IYay65/ ORIG REF: 006/ OFH REF: 006 —
;

Card  1/1/707" UDC:  539.37:546.45 ]




. . d S ber 26, 2002 CIA-RDP86-00513R00051511001_-"
L 08716 G R IR Crd e 5 ?@/MP(WA-RDiWé¥“°°5bS}f&P” ° o
! ACC NR; AP6033052 SOURCE CODE: UR/OI26/66/022/002/0254/0261 ] '

AUTHOR:

Cindin, I, A.; Starodubov, Ya, D,; Zakharov, Vv, I, 43
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TITLE: Investigation of the effect of low~

temperature deformation on
the creep resistance of nickel and copper at high temperatures -
= wnes LAl .o82 tEhperatures

SOURCE:
254-261

Fizika { metallov {4 metallovedaﬁiyc, v. 22, no. 2, 1966,

TOPIC TACS;: nickel,creep, Tuwivtmrees, copper,2inam=xnxix¢zm£zzswtﬁk§k:_
wvvhzwuxhvrmwhmtrvwtmluxq=va?yv:=assk:un$hezmm&stncmunnn; mechanical

heat treatment, rupture strength
ABSTRACT: Specimens of oxygen-=free copper (99.98%-pure) and vacuum=-
meltad nickel (99,95%-pure), vacuum-anncaled at 1050C (nickel) and

900C (copper) for 4 hr, were subjected to low temperature mechanothermal
treatment (LMTT)'stretched by 3,7% (nickel) or 8% (copper) at 4.2 and
300K, and "annealed" at room temperature for about 100 hr, The speci-
mens were then taested for creep resistance at temperatures ranging
from 500C to 1000C, It was found that LMTT improved considerably the
rupture life of both metals, Por instance (see Pig, 1), the rupture -
life of untreated nickel specimens at 800C under a stress of 1.3 kg/mn?
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‘Elon= 8% h
,Ration
D .\ Fig. l. Primary creep curves of nickel
. at B00OC under a stress of 1,3 kg/mm?

1 = Untreated specimen; 2 and 3 - speci

- mens stretched at 300 and 4,2K, respec-
. tively.

A A N TS

was 11,3 hr, the eléngatlon was 6.57%;
deformed at 300 and 4,2K was 17 and 22
and 2,02, respectively, The ¢

the rupture life of specimens
hr, and the elongation was 5,8

reep resistance of copper specimens was
similarly affocted by LMTT, The effect of LMTT on creep behavior

is preserved at temperatures up to 1000C for nickel and up to 70075
for copper, Orig, art, has: 3 figures and 3 tables,
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A rITLE: Low=tomporaturoe g_{ggp“,ofl_i_'gli}_u_n in tho region of polymorphous transformation
SOURCZ: i4‘1’-‘f|.zi1.ka motallov 1 mé)tallovodoniqyo, ve 21, no, 4, 1966, 600-607
TOPIC TAGS: croop, motal deformation )

ABSTAACT: A study was made of creep in Li at 300, 180 and 77 K., oncompassing tho
polymorphous transformation range. The electrical rosistanco of specimens during

tho creep process was roasured. It 1s shown that for long-term low-temporature creep
of Li, the creop curves show threo stapes, instantaneous deformation, a transitional
stage and a stage of steady flow.. At 77 K. the loparithmic rulo of the transitional
stage of croep is valid up to those valuos of stress at which polymorphous transition
is absent or weakly definod. Croep curvos of single-phaso specimons at 300 K. oven
in tho case of low strosses, do not comply with the logarithmic rule. A maxdimun of
eloctrical rosistance during creep at 7?7 K. was found which decreases in a steady
pattern in spocimens previously strained at 77 K. Ordge art. hast 8 figures.
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ORG: Physico~Technical Institute, AN UKrSSR, Khar 'kov (Piziko-tokhnichoakiy institut
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TITLE: A device for rolling metals at temperatures of 4,2-300°K
SOURCE Pribory { tekhnika eksperimenta, no. 3, 1966, 225-226

TOPIC TAGS: low temperature physics, low temperature metal, low temperature research,
metal.rolling

ABSTRACT: The device is used to measure the electrical resistance of deformed samples
an¢ for carrying out heat treatment in the temperature Pange from 4.2 to 1000°K. The
basie characteristicg of the setup ara as follows: roller diameter--30 mm; operating
length of the rollers--20 mm; rolling speed--1 and 10 mn/min; initial cpross section of |
samples~-from 3 to 5 my? (depending on the material). The thickness of the foil ob-
tained is on the ordep of ten microns. Fop example, for copper at 20°K, the thickness
is 20-30 microns, Orig. art, has: 1 figure,
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TITLE: Low-temperature recrystallization of copper rolled at 77 and 20K

SOURCE: AN SSSR. Doklyy, v. 171, no. 3, 1966, 552-554

TOPIC TAGS: copper, low temperature deformation, eappar!deformation,
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ABSTRACT ;

rolled at 2

of 90%. The speci

at 293—468K, X-ray diffraction pattem

deformation decreased t

lattice,
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- ture from 293 to 20K,
3 o 18 kcal/g-atom,
temperature, is caused b
higher metastability of the crystalline body. The low-temperature recrystallizaticon
makes it possible to investigate the metal recrystallization, taking into account
the temperature conditions of the activation work straining, and to develop metal
| . 8tructures with spacial physical properties. V. v.. Kozinets and M. P. Starolat
- are thanked for their asg¢istance in the experiments. Origs art. has: 2 figures,
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i TITLE: Effect of ultrasoni¢c irradiation on the creep‘of LiF single crystals, II.
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; ABSTRACT: Part I is published in the same issue as part II, which reports an investi-

! gation of the influence of prior low-intensity ultrasonic irradiation on the creep of

! single crystals of IiF to which the load was applied in steps, and the influence on

| the change in the dislocation structure. The investigations were made on single

| erystals measur ing 1.5 x 2 x 5 mm having & dislocation density 6 x 10* - 1 x 105 .

“em 2, The method of preparing the samples and their etching are describved in part I.
The creep tests were made under uniaxdal compression and under identical conditions.
The results show that prior irradiation weakens the samples, leading to an increase
in the plastic deformation and to an increase in the creep rate. Prior ultrasonic
irradiation also contributes to the lowering of the stress required for the transi-
tion from the deformation damping stege to the stage where the deformation increases

|
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rapidly under stepwise creep conditions. The results are interpreted from the point

of view that the ultragound lowers the potential barrier for the motion of the dis-
Jocations in the crystal and facilitates their motion, It is also possible that
point defects are produced under the influence of the uwltrasound. Orig. art. has:

; S figures.
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XUPERMAN, Yskov Mironovich, kand.skon,nauk; YAXUSHEV, Pavel Mikhaylo-
vich, Prinimal uchastiye: GINDIN, I,P,, kand,skon.nsuk;
BIRMAN, A,M., kand,ekon.nauk, g, red,; KUTSENOVA, A.A., red,izd-va;
BL'KINA, E.M., tekhn.red,; GILENSON, P,G., tekhn,red.

[Working copital of construction organisations] Oborotnye
sredstva stroitel'nykh organizatsii, Moskva, Gos.izd-vo lit-ry
po stroit., arkhit, 1 stroit.materialam, 1959. 159 pe

(MIRA 1218)

(Construction industry--Finance)
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POSTERNYAK, Ye,F,, insh,, red,; FREGER, D.P,y tekhn,red,

[Swivel carriage for cutting screw thresds on turret lathes)
Povorotnyi support dlia nareganiia resz'by na revol'vernykh
stankakh, Laning‘rad, 1954, 5 p. (Informatsionno~tekhnicheskii
listok, no.6(579)). (MIRA 14:6)

1. Leningradskdy Dom nauchno-tekhnicheskoy propagandy. 2. Lenin-

gradskiy Dom neucKrs¥vékhmioheskoy propagandy (for Postermyak
(Lathes--Attachments) TIoek)s
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*In of the Qorrasien of Matale by Nou- L The Action
of Light o ad L. G. Gindw and RN,
Ambarsumjan { lovvatis 4 i Nauk S.RNK. (Bl Arad. Scv. U KNS

1008, [viil (10}, 1385-1307).-{In Ruminn.] The action of petrol was
vewtigated on aluminium (@& 0-28, Fe 0-32%). Durslumin (v 334, 8102,
Fo 043, Mg 0-08°,), alloy No. 11 ( 318, Mn 1.0, Fo 020, N 0190,
emaitider All, Amerivan allny (Cu 741, 8i 0 08, Fo 037, eaminider AD,
magtesium (tracos 8i; (-19° Fo). sine {Fe 018, Co 008, i‘b 1000, coppee
{towevn of Bi and Bb), brans (38880, Zn). bronse (10%,, Sn), catbon stevl, and
staindena stevl. 10 may be aseu that aviation petnd deos oot affect the

Ao metale aid alloys, sven after bolig saturated with water at 14 ©
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Investigntion of ot by lectrolytes.
O. Mties of cracked deacines on rinc. L. G Gindin,
1 1. Toremy snd R. S, Antartsumyan Bl adid «i

RS S, Clatse ovn, math. el Nes ihym 1998, 00 NX
o Cerwuan B UL of O 30, MiRY  The avmunptam
thet the aggremivenem of crackod bensnes W canung
vavtonton of metaly 1o dhie (0 there sutonubation s proves
tiperimeatally by subigcting weighed spectmens of /Zn
plates to the action of Gromeny and Hakin cracked ben

nines for varylng periods of time (up to TT0 days). From
the exptl, results 1t is estalilished that the intensity of -
tomon of Zn is a tunction of the avidity and amt. of tars
fnesent in the bemzipex. Under certan combtions, 4
“pasaive” film, probably composed of Zn and veg. couspds.,
forms on the iu surface and peotects it from further de.
compn. Highteen references. John Livak
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o0 . 2 U Aesidation of wasetwreted hydeocarbens. | b Tonn Ry ¢
00 2 L . tin, L. ij snd 0. Vasil'evs. ('o-r. rond. acad. ses. ~ T T T . —y @6
Lntthath . s b PNIN, 8.1, 3, 18H-(160)(in German) .~ 18 | ee
00 . ! 251, ol the mM&mv o be trerd, v 8. bentine, add b
o0 t. 2 aetly 38 i, of 4% KU in BGH and B ol of pure, .0
: coneil, H80y. Allow the mixt, to wad 4 hes, in the dark .00
o0 « . in & stoppered bottle. At the same time start & hlank
o 2t cxpt. with the same quantities of tragents and S ml ol 90
3 distd. benzine which is known to contain no unsatd. -
s compds. After the specified time has clapsed, titrate the oo
i T in the blank test with NesSiOv in the main expt. Y )
3 tuate the caces K1 after oxidation with ferric alum ‘e
s soln.  To accomplish this, ext. the soln. In the main test ®
i with two fx)-ml. portions of water. Dil. the ag. 3t to MY )
exactly 280 mil. and take 8 30-mi. aliquot. Transfer this o0

to 8 J00-ml. round-bottomed flask carrying & glass stopper
which s fitted with & glas delivery tube. Add & ml. of
250, WM, 2 g. of ferrle alum and - 3 pleces of calrite

1 8 gve & rmm s

slowly heat the contents of the flask and pams the encaping
oo into 100 wl. of 107, K{ soln. which is kept cold with 20
we. Hinally titrate the 1o ln the woeeriver with Naphth.
In enactly the mme way, treat 38 mi. the K| wln. with ,
ferth: slum 1. the original 1 content. The torkie =Y
no., expressed in 8- 1 which would he used up by g of -
the substance analysed, can be by the formula, »0
peraxide 0o, = {a - 8(b — ) — el T.100/n.d., wherea = T e
b, NaySOy required for titrating the 1 originally preacnt .

N required in titrating the #0

e

in terms of geam.<quiv.
altaisiwexar Lereray titer of the solnn. should be in terms of O LT . H. .
. ?
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